We report the observation of sequential Penning ionization of dopants by metastable helium atoms in helium nano-droplets resulting in doubly charged ions. Strong charge induced dipole-interaction between the excited helium atom and the target ion provides a high probability for the transfer of the internal energy of the excited helium atom to the dopant ion. This process may also lead subsequently to a Coulomb explosion of molecular or cluster dopants.
Pickup of atoms or molecules by He nanodroplets is a powerful experimental method to investigate molecules, molecular complexes and molecular clusters. Atoms and molecules that collide with a droplet are picked up and transferred in most cases to its center. Due to the fast evaporation of the weakly bound He atoms, a stable temperature of 0.37K is quickly obtained throughout the droplet. At this temperature the droplet is super fluid and offers a perfect environment for the formation of metastable He atoms (He*) and thus ideal conditions to investigate Penning ionization (PI) processes.
In our present work we report the observation of a novel ionization mechanism in which doubly charged ions are produced inside a helium droplet by sequential Penning ionization [1] . This mechanism involves two He atoms and proceeds in three major steps ( Figure 1 ). Initially an electron with a kinetic energy larger than two times the excitation energy of He forms two metastable He* atoms or, at higher energies, one excited He* atom and a He + cation. The dopant within the droplet is then ionized by electron transfer or PI. A collision of the ionized dopant with a (further) metastable helium atom leads to the transfer of 19.8eV internal excitation energy and the formation of a doublycharged complex inside the droplet by PI.
Measurements with mercury and methyl iodide (CH 3 I) as dopants inside helium nanodroplets both confirm the presence of doublycharged ions (He n I 2+ , He n Hg 2+ ) in the droplet, which is energetically not possible with just one metastable helium atom or with He + . Calculations indicate that the ion is very likely to harvest the internal energy of He* in a charge-induced dipole interaction between He* and a charged dopant. Energy transfer from He* to molecular or cluster ions may also lead to the formation of doubly charged species by PI albeit this transfer may eventually result in a Coulomb explosion [2] . Preliminary measurements on argon cluster ions confirm this channel of the energy harvesting process.
Our experimental results clearly demonstrate the possibility of sequential Penning ionization and energy harvesting in He nano-droplets. This universal process may well contribute substantially to radiation damage in biological systems exposed to ionizing radiation.
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